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The spin-dependent dynamical blockade was investigated in a lateral quantum dot in a magnetic
field. Spin-polarized edge channels in the two-dimensional leads and the spatial distribution of
Landau orbitals in the dot modulate the tunnel coupling of the quantum dot level spectrum. In
a measurement of the electron shot noise we observe a pattern of super-Poissonian noise which is
correlated to the spin-dependent competition between different transport channels.
The prospect of using the electron spin as a basic
element of information for quantum computation and
new semiconductor devices has stimulated the study of
spin-dependent phenomena. Many of these applications
require control of the spin-dependent dynamics in the
transfer of charge through single electron devices. Fluc-
tuations of the current contain information about these
dynamics and the underlying mechanisms can be probed
in a measurement of the electron shot noise. In partic-
ular, the bunching of tunneling events, observable as an
increased shot noise power, can characterize the Coulomb
interaction in the transport through multilevel quantum
dots1–8. The sequence of tunneling events is correlated
by the Coulomb blockade and depends on the effective
tunneling rates and internal level structure, which allows
for the detection of spin-dependent tunneling through
quantum dots9. Injection of electrons from spin-polarized
leads may result in a spin-dependent blockade as shown
by Ciorga et al.10–12. The spin blockade effect13 has been
observed in the addition spectrum of a quantum dot in a
magnetic field14,15 as a modulation of the Coulomb block-
ade peak amplitude or in the occurrence of negative dif-
ferential resistance16. While these measurements studied
the average conductance, additional dynamical informa-
tion can be obtained by shot noise detection techniques.
In this paper we present our measurements of the elec-
tron shot noise in the spin blockade regime. At finite
bias we observe super-Poissonian noise at the Coulomb
blockade peak. The shot noise enhancement follows a reg-
ular pattern correlated to the crossing Landau levels in a
magnetic field. Interpretation in terms of the dynamical
channel blockade mechanism suggests an underlying com-
petition between transport channels with different spin.
The quantum dot is defined by local anodic oxidation
of a GaAs/AlGaAs heterostructure with a two dimen-
sional electron system 34nm below the surface16. The
electron density of the heterostructure is 4.6× 1011 cm−2
and the mobility is 6.4× 105 cm2/V s. Measurements
were performed in a 3He/4He dilution refrigerator at
a temperature of 100mK. Current fluctuations are
converted to voltage fluctuations by RLC-circuits in
a cross-correlation configuration (Fig. 1.a) centered at
1MHz. The voltage fluctuations are amplified by cryo-
genic HEMTs17,18 and digitized at room temperature.
The real part of the cross-correlation noise power is eval-
uated within a frequency window from 500kHz to 3MHz.
The DC-part of the source drain current ISD is mea-
sured with a transimpedance amplifier, which also biases
the sample. The Coulomb diamond structure yields a
charging energy of ∼ 0.7meV and an excitation energy
of ∼ 0.1meV. From the total capacitive coupling and
spatial extension of the dot a total charge of around 100
electrons is estimated.
Figure 1.b shows the current through the quantum dot
as a function of gate voltage and magnetic field at a con-
stant small bias (∼ 0.02mV). The chosen energy and
magnetic field range spans over several Coulomb block-
ade peaks with the filling factor of the quantum dot being
in the regime between 2 and 4. The peak energy position
follows the well known zigzag pattern corresponding to
the crossing of the first and second Landau level16,19–21.
The energies of the states in the lowest Landau level drop
as the magnetic field is increased while the energies of the
states in the second Landau level rise in this magnetic
field range.
Figure 1.c shows the differential conductance as a
function of gate voltage and magnetic field. The con-
stant gaps between adjacent Coulomb peaks due to the
Coulomb repulsion energy are removed following the pro-
cedure presented in detail in Ref.22. The states of the
excitation spectrum can thereby be followed over several
electron numbers. Lines with a positive slope connecting
the onset of transport indicate the second Landau level.
Lines with a negative slope following the peaks in the
differential conductance highlight the energy and mag-
netic field dependence of the first Landau level. The
lines belonging to transport through the first Landau
level appear in pairs corresponding to the occupation
of the same Landau orbital with opposite spin. The
energy-level spacing for the second Landau level is how-
ever more regular and lacks the spin-pairing indicating
different spin configurations for the first and second Lan-
dau level and an interaction induced spin polarization22
of the higher Landau level.
Not only the peak position but also the peak ampli-
tude (Fig. 1.d) is strongly influenced by the crossing of
the two lowest Landau levels. The spatial separation be-
tween states in the inner and outer Landau orbitals re-
sults in unequal tunnel coupling to the leads. This is
observable in the current as a reduced peak amplitude
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FIG. 1. (a) Simplified schematic diagram showing the low
temperature amplifiers A and B connected to the RLC detec-
tor networks and the room temperature amplification (RT) of
the DC transport signal. In magnetic field the spatial sepa-
ration of the edge channels (blue) in the leads and the Lan-
dau orbitals (grey) in the quantum dot modulate the tunnel
couplings. The AFM image of the sample structure shows
the quantum dot formed by oxide lines(yellow). (b) Coulomb
blockade peaks in the current for a quantum dot filling factor
in the regime between 2 and 4 as a function of gate voltage
and magnetic field. The dashed rectangle marks the regime
investigated in more detail in (d) and Fig. 2. (c) The dif-
ferential conductance g = dI
dV
. The gaps between adjacent
Coulomb blockade peaks are eliminated by removing a con-
stant Coulomb repulsion energy22 thereby shifting the upper
and lower peaks visible in (b) towards the center peak. The
lines indicate the crossing Landau levels and the regular pat-
tern of spin pairing for the lowest Landau level. (d) Spin
blockade in the Coulomb blockade peak amplitude overlayed
on a zoom of the image plot in (b).
for states belonging to the second (inner) Landau level20.
The corresponding upward slopes in Fig. 1.d are notice-
ably less pronounced. Additionally, the peak amplitude
also alternates for electrons with opposite spin trans-
ferred through the lowest Landau level due to the spin-
polarized edge states in the two-dimensional leads10,11.
The combination of this spin blockade effect and the spa-
tial overlap with two Landau orbitals therefore gives rise
to four regions (A to D in Fig. 1.d) with different peak
amplitudes10.
In this system with spin-dependent tunnel couplings
the fluctuations of the current are analyzed at a bias of
0.2mV, where the Coulomb blockade peak is broadened
into a current stripe (Fig. 2.a). Therefore an additional
transport channel of the excitation spectrum is able to
enter the transport window defined by the bias between
emitter and collector lead. Spin blockade still suppresses
(although less pronounced) transport and the modulation
of the peak amplitude remains visible in the current. The
differential conductance in Fig. 2.b shows two stripes cor-
responding to the rising and falling edges of the Coulomb
blockade peak and indicates the two resonances with the
emitter and collector lead.
Figure 2.c shows the analyzed current fluctuations in
the form of the excess noise, which is the difference be-
tween the measured shot noise power and the expectation
value of a Poissonian noise source of equal average cur-
rent. In comparison to the often used Fano factor the
excess noise is less susceptible to divergence, if transport
is blocked and the current is small6, but still offers a qual-
itative picture of the presence of additional correlations.
The current fluctuations show two stripes of super-
Poissonian noise, resembling the pattern observed in the
differential conductance. Depending on the gate voltage
multiple transport channels of the excitation spectrum
are available within the transport window. The energy-
dependent occupation probability in the leads modulates
transport through the level spectrum. The resulting dif-
ferences in the occupation life time lead to dynamically
occurring discontinuities in the sequence of transferred
charges as the charging energy prohibits the tunneling
of more than one electron at a time. This bunching of
tunneling events results in an increased noise power com-
pared to the Poissonian noise of single barrier tunneling.
Experiments with multilevel quantum dots demonstrated
how this dynamical channel blockade mechanism gives
rise to super-Poissonian shot noise at both the emitter
and collector resonance of a Coulomb blockade peak5,6.
Zarchin et al.5 found the shot noise to be strongly en-
hanced in a magnetic field, while the origin of the multi-
level system could not be clearly identified. For our sys-
tem and the magnetic field range presented in Fig. 2 the
multilevel system depends on the occupation of the two
Landau levels and the different spin levels. The stripes
of super-Poissonian noise in Fig. 2.c follow the magnetic
field dependence of the crossing Landau levels allowing
for the identification of four regions very similar to A to
D in Fig. 1.d.
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FIG. 2. Current (including peak amplitude) (a) and differ-
ential conductance (b) in the non-linear regime. (c) Excess
noise, i.e. the difference of the measured noise power and the
noise power of a Poissonian noise source with equal average
current. Red indicates super-Poissonian noise. The dashed
circles mark the peaks occurring alternately at the emitter
and collector resonance. (d) Peak amplitude of the two super-
Poissonian stripes. The amplitude for the stripe at larger gate
voltages (green, circles) is shifted by 6× 10−28 A2/Hz with re-
spect to the stripe at lower gate voltages (blue, squares).
The most pronounced super-Poissonian peaks in the
excess noise are detected in the regions correspond-
ing to A and C, where at small bias, charge is trans-
ferred through the inner Landau orbital and transport is
strongly suppressed. In comparison, shot noise therefore
offers a complementary image to the current and can in-
dicate the competition between blocked and unblocked
transport channels, even if this effect cannot be observed
as negative differential conductance (Fig. 2.b)23, which
has previously been used to detect spin blockade in the
nonlinear regime11.
The peaks in the excess noise appear in a regular pat-
tern. For consecutive regions with transport through
QD
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FIG. 3. Simplified energy diagram of the basic multilevel
system in a magnetic field consisting of a ground state (red)
and excited state (black). Arrows symbolize the spin of the
tunneling electron, while the circles depict the transfer into
the first, inner Landau orbital (small filled circle) and the
second, outer Landau orbital (open circle with a filled ring).
In total there are therefore four different configurations (A to
D) for the multilevel system. The varying tunnel coupling to
the spin-polarized leads (blue) results in a dynamical blockade
between excited and ground state.
the inner Landau orbital the peak position alternates be-
tween the emitter and collector resonance (Fig. 2.c). In
A the peak appears at the collector resonance and in
C at the emitter resonance. This is in contrast to ex-
periments performed at zero magnetic field6, where the
super-Poissonian noise appears nearly symmetric to the
Coulomb blockade peak.
As indicated by the regular energy level spacing the
occupation of the second Landau level is assumed to
be spin-polarized while the transport through the first
Landau-level changes spin, confirmed by the peak am-
plitude in DC-transport. The spin configuration and en-
ergy spacing of the quantum dot level system depends
on magnetic field and influences the mutual dynamical
blockade between ground and excited state in the trans-
port window. The resulting four configurations of the
basic multilevel system correspond to the four regions A
to D identified in the experiment, as illustrated in a sim-
plified energy diagram in Fig. 3. In the case of the super-
Poissonian peaks measured in region A and C, the sec-
ond Landau level constitutes the spin-polarized ground
state while the first Landau level forms the excited state.
The regions A and C have opposite spin states. In B
and D the level configuration is reversed, with the first
Landau level as the ground state and the second Landau
level as the excited state. In all cases both states differ
in their respective coupling to the spin-polarized leads.
There is a peak in the excess noise, if the weakly cou-
pled second Landau level forms the ground state. The
position of these peaks changes with the spin of the ex-
cited state. The relative contribution of these channels
towards transport through the emitter and collector bar-
rier further depends on the occupation probability in the
leads, which modifies the difference in the effective tun-
neling rates at the corresponding lead-resonance. Follow-
ing these basic considerations the periodic pattern of the
4observed shot noise enhancement, occurring most visibly
at only one lead-resonance, is evidence of the alternating
spin configuration.
The occurrence of super-Poissonian noise has
been modeled theoretically for various quantum dot
circuits9,24,25, taking into account, for example, the
spin polarization of ferromagnetic leads or the influence
of a magnetic field. In all these cases the Coulomb
blockade mechanism is fundamental for the shot noise
enhancement. Cottet et al.24 also briefly discuss a
dynamical spin blockade for the more closely related
case of the magnetic field applied not only to the dot
locally but to the whole circuit including the leads
and approximate it with a Zeeman-split dot level with
spin-polarized leads. The spin blockade mechanism
demonstrated in this simplified system supports spin-
dependent tunneling rates as the origin of the observed
shot noise enhancement. However, in the experiment the
system is further complicated by the different coupling
of the Landau-orbitals in the quantum dot and the
magnetic field dependence of the energy level spacing.
In summary, we have investigated the current fluctu-
ations in a quantum dot with spin-polarized leads. We
observe a regular pattern of super-Poissonian shot noise
corresponding to position and amplitude modulation of
the well known zigzag pattern in DC transport. Based
on previous experimental results5–7 the complex internal
level structure in this regime implies a dynamical chan-
nel blockade as the mechanism behind the shot noise en-
hancement. The observed alternating pattern shows a
dependence on spin in the studied magnetic field range.
The experiment thus demonstrates the detection of spin-
dependent dynamics in quantum dot systems in a mea-
surement of the electron shot noise.
ACKNOWLEDGMENTS
The authors gratefully acknowledge financial support
by the Deutsche Forschungsgemeinschaft and the Cen-
tre for Quantum Engineering and Space Time Research
(QUEST). We also thank W. Wegscheider for providing
the wafer material, and B. Harke for fabricating the de-
vice.
1 S. S. Safonov, A. K. Savchenko, D. A. Bagrets, O. N.
Jouravlev, Y. V. Nazarov, E. H. Linfield, and D. A.
Ritchie, Phys. Rev. Lett. 91, 136801 (2003).
2 E. Onac, F. Balestro, B. Trauzettel, C. F. J. Lodewijk, and
L. P. Kouwenhoven, Phys. Rev. Lett. 96, 026803 (2006).
3 E. V. Sukhorukov, G. Burkard, and D. Loss, Phys. Rev.
B 63, 125315 (2001).
4 A. Thielmann, M. H. Hettler, J. Ko¨nig, and G. Scho¨n,
Phys. Rev. B 71, 045341 (2005).
5 O. Zarchin, Y. C. Chung, M. Heiblum, D. Rohrlich, and
V. Umansky, Phys. Rev. Lett. 98, 066801 (2007).
6 Y. Zhang, L. DiCarlo, D. T. McClure, M. Yamamoto,
S. Tarucha, C. M. Marcus, M. P. Hanson, and A. C. Gos-
sard, Phys. Rev. Lett. 99, 036603 (2007).
7 S. Gustavsson, R. Leturcq, B. Simovic, R. Schleser,
P. Studerus, T. Ihn, K. Ensslin, D. C. Driscoll, and A. C.
Gossard, Phys. Rev. B 74, 195305 (2006).
8 P. Barthold, F. Hohls, N. Maire, K. Pierz, and R. J. Haug,
Phys. Rev. Lett. 96, 246804 (2006).
9 A. Cottet, W. Belzig, and C. Bruder, Phys. Rev. B 70,
115315 (2004).
10 M. Ciorga, A. S. Sachrajda, P. Hawrylak, C. Gould, P. Za-
wadzki, S. Jullian, Y. Feng, and Z. Wasilewski, Phys. Rev.
B 61, R16315 (2000).
11 M. Ciorga, M. Pioro-Ladriere, P. Zawadzki, P. Hawrylak,
and A. S. Sachrajda, Applied Physics Letters 80, 2177
(2002).
12 M. Pioro-Ladrie`re, M. Ciorga, J. Lapointe, P. Zawadzki,
M. Korkusinski, P. Hawrylak, and A. S. Sachrajda, Phys.
Rev. Lett. 91, 026803 (2003).
13 It should be noted that other spin selective mechanisms
have been reported, which have a similar effect and are
equally called spin blockade26,27.
14 M. C. Rogge, C. Fu¨hner, U. F. Keyser, and R. J. Haug,
Appl. Phys. Lett. 85, 606 (2004).
15 M. C. Rogge, C. Fu¨hner, and R. J. Haug, Phys. Rev. Lett.
97, 176801 (2006).
16 C. Fricke, M. C. Rogge, B. Harke, M. Reinwald,
W. Wegscheider, F. Hohls, and R. J. Haug, Phys. Rev.
B 72, 193302 (2005).
17 L. DiCarlo, Y. Zhang, D. T. McClure, C. M. Marcus, L. N.
Pfeiffer, and K. W. West, Review of Scientific Instruments
77, 073906 (2006).
18 N. Ubbelohde, K. Roszak, F. Hohls, N. Maire, R. J. Haug,
and T. Novotny, Sci. Rep. 2, 374 (2012).
19 A. Fuhrer, S. Lu¨scher, T. Heinzel, K. Ensslin,
W. Wegscheider, and M. Bichler, Phys. Rev. B 63, 125309
(2001).
20 P. L. McEuen, E. B. Foxman, U. Meirav, M. A. Kastner,
Y. Meir, N. S. Wingreen, and S. J. Wind, Phys. Rev. Lett.
66, 1926 (1991).
21 P. L. McEuen, E. B. Foxman, J. Kinaret, U. Meirav, M. A.
Kastner, N. S. Wingreen, and S. J. Wind, Phys. Rev. B
45, 11419 (1992).
22 M. C. Rogge, E. Ra¨sa¨nen, and R. J. Haug, Phys. Rev.
Lett. 105, 046802 (2010).
23 W. Belzig, Phys. Rev. B 71, 161301 (2005).
24 A. Cottet, W. Belzig, and C. Bruder, Phys. Rev. Lett. 92,
206801 (2004).
25 I. Weymann and J. Barnas, Journal of Physics: Condensed
Matter 19, 096208 (2007).
26 D. Weinmann, W. Ha¨usler, and B. Kramer, Phys. Rev.
Lett. 74, 984 (1995).
27 K. Ono, D. G. Austing, Y. Tokura, and S. Tarucha, Sci-
ence 297, 1313 (2002).
